Abstract -The rise in healthcare costs is a major concern nowadays, especially for chronic diseases scenarios as the ones experienced in long-term healthcare units. Thus, arranging for a platform that helps these healthcare units to monitor and visualize the costs and eventual life quality gains on a per patient basis is essential. Care4Value aims to help in one of the most challenging tasks of healthcare professionals that is related to the optimization of the process of collecting and recording clinical instruments' data. In the long run, the outcomes should allow for a predictive measurement of costs per patient, based on their clinical condition. The Care4Value ecosystem is the chief responsible for centralizing the collected data and making it available through a dashboard to the stakeholders. The data is collected by the healthcare professionals that use a mobile application and through an import module that consumes data from existing clinical systems.
I. INTRODUCTION
The rise in healthcare costs is currently a major concern in all the developed countries. In long-term healthcare this concern is reinforced with the aging of the population and the prevalence of chronic diseases. Therefore, it is essential for a Long-Term Healthcare (LTH) unit to measure both costs and outcomes in healthcare. This enhances the knowledge required to improve the value created for the patient, both in terms of outcomes gained per monetary cost and life quality improvements [1] .
One of the challenges of healthcare information systems is to collect data in a structured and automated way [2] . Despite there are already validated clinical instruments being used in LTH units [3] - [15] , their actual usage is still mainly manual, both on a paper basis or using individual spreadsheets. Most of these clinical instruments can be supported by the vast majority of health information systems and enterprise resource planning systems customized for healthcare facilities, but they require some additional parametrization to achieve the specific needs of LTH units.
The data gathered by these clinical instruments is the basis to achieve the outcomes of this project. The data that needs to be collected was modeled in the form of clinical instruments, under the format of surveys that assess the clinical condition of patients. These clinical instruments are stored in a web-based platform and are made available to the mobile application that was developed alongside. Patients or healthcare professionals can use the mobile application to answer the clinical instruments' surveys, allowing the data to be collected and stored for future analysis. For some specific scenarios it can also be imported using the existing systems (ERPs).
At the technical level, the proposed Care4Value ecosystem includes: (1) a Care4Value Mobile App, and (2) a Care4Value Dashboard that aim to provide a much-needed service for healthcare professionals in Portugal, where many Long-Term healthcare units are still reliant on outdated procedures and a lot of redundancy to function on a daily basis. In the long run, the developed tools aim at making the lives of healthcare providers easier while also providing insights on the data, allowing them to accomplish a better planning and management of the resources that are available.
II. CARE4VALUE

A. Goals
The Care4Value project is an on-going project that aims to enhance value creation in LTH providers. The goal is to develop and implement a model of management control information system, which maximizes value creation (defined as health outcomes per unit of cost) in long-term care providers. The model will be developed and tested on the basis of an intervention to be carried out in a long-term care unit, using a pilot project approach. The project has several academic partners and a key LTH unit partner, for the pilot implementation.
The overall ecosystem will enable further analysis of health indicators. By allowing the categorization of patients within different levels of clinical condition it will be possible to understand the direct impact to the cost of the patient's care. The following global results are expected:
• Integrated model of data collection, processing, analyzing, comparison and reporting, revealing the relation between costs and health outcomes [16] ;
• Innovative, practice embedded and patient-centered tools to data collection (including a mobile application to collect caregivers' data). These results will support decision making by top level management and practitioners, aiming at the organization's quality, efficiency and sustainability.
B. Clinical Instruments
Clinical Instruments include Rating Scales, Indexes, Screening Tools, Assessments and Interviews. Clinical Instruments are surveys used to collect data related to the physical, mental and social condition of a patient. Each survey provides a final numeric score or index that provides additional information regarding a specific status or condition of a patient. Health professionals use these instruments to
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monitor, sometimes even on a daily basis, several health indicators that allow them to understand the evolution of each individual patient and perform their job in an effective way. The research team conducted three focus groups that established an initial list of the set of rating scales already in use in the LTH unit that could be used for the project. On the other hand, this also allowed the research team to identify an existing hiatus regarding the quality of life of the patients and of their primary caretakers.
The initial set of rating scales and the inclusion of a few new ones allowed the research team to achieve a numeric score that can be used to classify a patient's clinical condition based on the information gathered from their health status.
The clinical instruments already being used in the LTH unit that were selected for the data collection of the project include: the Barthel Index [3] , the Braden Scale [4] , a skin integrity screening question [5] , the Malnutrition Universal Screening Tool (MUST) [6] , the Mini Nutritional Assessment (MNA) [7] , the Numeric Rating Scale (Pain Assessment NRS-11) [8] , Gijon Social-Familial Evaluation Scale [9] , a Depression screening question [10] and the MiniMental State Examination [11] .
One of the outcomes of the focus groups reported that an improvement of the final score could be improved if further information could be reported for each patient. Namely, the patient's comorbid conditions, her spiritual state and family liaisons. Thus, the Health professionals were asked to also include the Charlson Comorbidity Index [12] , the Spirituality Scale [13] and the Family Relationship Scale.
After this, the research team conducted an anonymized clinical data analysis to categorize different complexity degrees of patients define the clinical condition's ranges used in the ecosystem. This validated the selection of the clinical instruments up to this point.
In addition to what had already been requested and since we also aimed to obtain qualitative information about the quality of life of both the patient and her primary caregiver, two more clinical instruments were added to collect even further data:
• the Zarit Burden Interview [14] -a self-report measure provided by a caregiver to asses her burden status;
• and, the EQ-5D [15] -which measures the health-related quality of life, that in the context of the project will be applied to both caregivers and patients.
The ensemble of clinical instruments that are to be used in the project is rather significant and includes both external assessment and self-report evaluation tools. Thus, this was highly well-thought-out upon the design, development and implementation of the Care4Value platform depicted in the next sections.
C. The Care4Value Ecosystem
The Care4Value platform will be used by distinct stakeholders, as shown in Figure 1 . We have identified three stakeholder groups, namely the Caregivers, the Health Professionals and the Research Team. Each stakeholder group will use different features provided by the platform, according to their actual needs.
The mobile application will be used by Caregivers and Healthcare Professionals. They are primarily responsible for monitoring patients and providing adequate answers to the clinical instruments. Thus, having this application will allow them to collect and submit the required data to a centralized system (the Care4Value server).
The dashboard will be used by Healthcare Professionals and the Research Team. Their most premiant needs relate to the adequate visualization and classification of patients, based on their clinical condition that is gathered in the Care4Value server. The proposed Care4Value ecosystem (see Figure 2 ) has three main modules: (1) a mobile application, (2) a dashboard and (3) an adapter. The tailored adapter imports data from the existing clinical and financial systems (MedicineOne [17] and Primavera Software [18] ) making it available to be used by the other two modules.
The mobile application is a data collection application, developed with the React Native framework [19] , ensuring its availability for the two market leading mobile operative systems, Android [20] and iOS [21] .
The dashboard is a data visualization application and web-based platform built with MySQL and PHP, using the Laravel framework [22] , and is available at the care4value.pt domain.
The adapter is the integration component that enables the ecosystem to collect data from existing systems. These systems currently contain a lot of data that is already being gathered by health professionals. This data ensures that the clinical monitoring of patients, and governmental and legal issues are achieved. Both systems provide a simple extraction method that outputs the desired data in a well-known or standard format (Excel and/or XML). This is the data that will then be uploaded by the adapter that, after parsing the files will provide the required structure that will be needed to access the information in the dashboard. 
III. MOBILE APPLICATION
Healthcare units have a daily need to collect patient data, using the so called clinical instruments. Regarding the case study of the LTH unit that will first use our software, the actual procedure responsible for the collection of the data is done "by hand", and then incorporated into a digital spreadsheet and replicated across several of the existing information systems.
The Care4Value Mobile App (see Figure 3) is a data collection application that aims to simply and centralize the required patient's data and it keeps a list of the clinical instruments that each health professional needs on a daily basis. It allows them to fill these surveys with patient data and submit them directly to a centralized location with just one button press. This should result in a more efficient use of these health professional's time. Healthcare professionals can review the data referring to the instruments they filled, and this data can be filtered by patient or any other relevant variable and should help them to get a better idea of the evolution of each patient. The mobile application has several features that were considered and implemented to make the system dynamic, efficient and usable, even in offline contexts.
Thus, the amount of clinical instruments available to the healthcare professionals is managed through the dashboard application, and when created or updated they will became immediately available on the mobile application. Currently, there are 17 different clinical instruments available to use, but as the needs of the healthcare professionals change so can the available data. Hence, including a new instrument in the application is as simple as creating the entry for this instrument in the dashboard. The health professionals have instant access to this new instrument.
Likewise, health professionals can register and collect data from several patients simultaneously, update missing data and only submit the final result when they feel that the clinical instrument record is complete.
Another relevant aspect of the application is the fact that it is possible to collect data in an offline context. Health professionals can register the data with the application whenever and wherever they are; and when they have access to a wireless connection (or even 3G or 4G networks) they can submit the data to the server. This way, health professionals have the ability to turn their device to offline mode when in areas with poor service, or without any wireless network, while in offline mode all the data will be stored, and the app will sync once back online.
Finally, and also worth mentioning is the introduction of real-time feedback for the health professionals regarding the score of the clinical instrument. Upon the completion of the mandatory questions that compose a survey, the mobile application provides the current score for a patient (see Figure 3 -right) .
IV. DASHBOARD The dashboard platform is a data visualization platform which also works as a backoffice. It is essential for the effective functioning of the data collection application, since it: (1) supplies and collects data from the mobile app; (2) supports the authentication process required; and (3) makes sure the data is persisted properly. With recent changes to the legislation about how data is collected and analyzed, and more importantly due to the sensitivity of the data handled, it was obtained approval by an ethics committee to collect and analyze data, including a Data Processing Agreement (GDPR compliant).
The dashboard platform is accessible to the public, and any user in the database can proceed with the authentication process. The appropriate security measures have been applied to make sure all the sensitive data is only accessible to the right users. One of the most important features provided by this application is the management of the clinical instruments (see Figure 4) . Creating new and updating existing clinical instruments can be conducted in an easy going way, allowing the end users of the mobile application to easily and rapidly interact with a new clinical instrument.
The dashboard platform allows:
• Creation of new clinical instruments;
• Updating any component of the currently used instruments;
• Managing users' access to the platform;
• Giving or revoking user access to certain instruments;
• Export existing data to both human interpretable data models and machine centric data models (CSV and JSON);
• Import, parse and format previously obtained data from another platform (direct invocation to the adapter).
The dashboard platform will be developed further to integrate the features that truly add value to the visualization of the information that is gathered. For now it merely functions as a management tool, but in the future it should be viewed as a utility.
V. CONCLUSION AND FUTURE WORK
The Care4Value is an ongoing project where the platform here described is in a deployable state. The fast deployment to the pilot-study phase will help improve the developed ecosystem based on the obtained feedback.
The need to exchange data with other organizations is one of the major security concerns in this project, but by using a standard, like the Continua Design Guidelines [23] we aim to keep our data both safe and exchangeable.
The data collection mobile application to be used by health professionals and caregivers will, jointly with the already available data from other clinical and financial information systems, allow the dashboard to show valuable insights on the clinical monitoring of patients and their caregivers.
Depending on how well received the developed project is, its usage can be expanded to more long-term healthcare units.
Features like visualization of patient progress and predictions based on the progress of previous patients should be implemented into the dashboard in the future when enough data is collected.
